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I.' SULT-ARY 

1.  PMfttOB 

Five previous comprehensive Teohnlool Reports have been is- 

sued:  a Quarterly Report for the period 1 June 1947 to 31 August 1947; 

on Annual Report (in tno parts) for the period from 1 September 1947 

to 31 August 1948; a Report (in tno ports) for the period 1 September 

1948 to 31 Hay 1949; a Report (in tno parts) for the period 1 June 

1949 to 51 Haroh 1950; and a Report (in two parts) for the period 1 

April 1950 to 31 Haroh 1951, The present Report (also in too parts) 

brings tne reoord up to date as of 31 Liaroh 1952. It includes:  (a) 

complete texts of finished manuscripts and articles novr in press or 

recently published, covering rork partly or "holly supported by the 

contract and not Included in previous Reports; (b) summaries of addi- 

tional <7ork in progress* 

For an account of the general program and of available equip- 

ment, reference may be made to the Report for the period 1 September 

1948 to 31 Lay 1949, Part I. In addition, the 21-foot vacuum speotro- 

graph kindly given to us by Professor G. R. Harrison of the liassaohuset- 

Institute of Technology has been in suooessful operation for nearly a 

year using an ordinary 15,000-line/inoh speculum grating; a 30,000- 

line/inch grating ruled on an ..lumlnum surface ^lth the blase at suit- 

able angle has Just been obtained from Bausoh and Lomb, and "e are 

looking forward to improved intensities r,ith its use. Further, the 

Division of Physical Sciences has also reoently purchased a Perkln- 

Slmer Uodel 120 Infrared Speotrophotometer to v/hioh rre have aooess* A 

ner Beokman IR3 Infrared Speotrophotometer is also available on campus 

for our use "hen needed. 
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2* Suboarg o£ fap|& idl PJteaaat Report 

Paper 1 shone hor; one oan determine whether the excited state 

of a eymmetrlo aromatio molecule is even or odd by examination of the 

change of absorption intensity resulting from substitution in a sub- 

stituted moleoule. Paper 2 is an application of this theory to the 

spectra of stilbene derivatives reoently studied by Beale wild Roe, 

Tjhioh permits one to establish unequivooally that the first excited 

state of stilbene is odd and that the intensity contributions for sub- 

stitution at different positions are additive* 

Paper 3 is a general examination of the problem of finding 

the best emplrioal formulas for the heats of formation, the molar vol- 

umes, boiling points, molar refractlvities, and heats of vaporization 

of the isomerlo paraffins through the octanes.  8orae "best" formulas 

are adopted ~;hloh appear to predict all of these properties exoept the 

boiling points vlthln experimental error. 

Paper A describes a successful attempt to purify hydrocarbon 

solvents for the vacuum ultraviolet so that they transmit to 1,750A in 

a—inch cells* They also form transparent glasses at liquid-nitrogen 

tamper.:tures vith a slight improvement in transmission. This work re- 

presents an extension of about 500a in the transmission limit of sol- 

vents for cells of this thickness. 

In Paper B, HoConnell proposes a net? explanation of the ca- 

talysis of els-trans isomerization by pararaognetio substances. He 

points out that the cause of the catalysis may be the faot that the 

spin (w) of the paramagnetic substance must cause mixing of the singlet 

ground state and exoited triDlet state vravefunotions during tristing of 

the moleoule about a double bond. This mixing should permit ois-trans 

isooeriration via the triplet state, v/hich is believed to have a loner 
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energy at 90° tviet than the 6ingiet st^te. 

Paper 4 by I.ulliken oonteino a farther fevelopment of ideas 

preoented in earlier papers on molecular compounds and their spectra. 

An enlarged and refined classification of eleotron donors and aooeptort 

into types is given. Examples of these and of their nodes of inter- 

action are tabulated. The interactions :.re in some oases dissociative 

(that is, a chemical emplacement reaotion oocurs) and in others a3so* 

ciative (a molecular complex or confound is formed). A listing of 

probable hnorm charge-transfer spectra of moleoular complexes is given. 

Finally, the formation by a donor-aoceptor pair alternatively of an 

"outer complex" (a loose associative complex) or of an "inner complex" 

(usually an ion-pair structure), or sometimes of a "middle complex", 

is dlsoussed. 

Paper 5 is a review in simple style cohering some of the 

earlier "ork by iiulliken on overlap integrals and chemical binding (sec 

1949-50 and 1950-51 Reports) and also some of the "magic formula" nork 

(see Paper 6 of tte4sR«P°rt), to milch it forms a convenient introduc- 

tion. 

Paper 6 deals 'vith a seml-enplrical "magic formula" for bond 

energies, based on rough theoretioal considerations derived from LCAO 

molecular orbital theory but transferred into the frrjoeuork of valence- 

bond theory. This fits observed bond energies for a number of simple 

moleoules 'Tithin about±10jo. Perhaps its chief Interest, however, is 

the insight it gives into the various positive and negative terms ''hid 

go to make up the total bond energy of any molecule. In particular, 

it indicates that (a) nonbonded repulsions, including those involving 

Inner-shell electrons, are very important; (b) hybridization, often 

even in relatively small amounts, is very important in Increasing bond 

strengths and in decreasing aenbonded repulsions; (o) it  bonds are 
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exceedingly strong at short interatomic distances* as in Ng or 0^2 

v.'here they are the eeeential bonding teras. 

Concerning Item 7, see Section 3 of tils Summary. 

r Paper 8 by Rudenberg on the tno-center exchange integrals is 

based on the theory developed by ;he sane author in a previous paper. 

The method of evaluation is elaborated for the essential, but very 

complicated, auxiliary functions, *ith the ain of standardizing the 

numerical "ork and facilitating it by a systematic arrangement. The 

proposed procedure has been successfully used by several ooworkers. 

Paper 9 by the some author deals nith the three- and four-center lnte- 

gr \1B, ariose evaluation constitutes the last but also the most diffi- 

cult Integral problem to be solved, A ner' prooedure is proposed in 

t\le first note. The method is being further elaborated and tested in 

cooperation :1th Professor Harrison Shull at Io^a State College, and 

it is hopec to give a more substantial account in the near future. 

Items 10 and 11 are corrigenda ior the articles published by 
u 

.loothaon and Rudenberg in the December, 1951, JOUTJUL OF CHS ICAL 

PHYSICS, '.Thioh appeared under the title, nA Study of Trrc>-Center Inte- 

grals Useful in Calculations on Molecular St^uoture." The corrigenda 

£" here presented pertain to the printed versions of these articles, and 

not to versions of the sane articles nhloh appeared in last year's 

Teohnloal Report. 

In Paper 12 by Tanaka, a report is made of his investigation 

of the NO emission spectrum in the far-tiltr.?.violet region, using 05cm 

and 21-foot normal-incidence vacuum spectrogr .phs.  The existence of 

the i-system is confirmed. The p'-bands ore relnvestlgated, and a 

curious appe..rance n-aa observed in the (4,0) band. Men bonds •-hich 

£ have an appearance similar to the £'-bands are observed in the region 

of 1,500&, and tentative analysis is made. 
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Paper 13 reports the absorption speotra of a series of fluor- 

inated benzenes to 1,700A V/ith dieoussion of the theoretical implica- 

tions of their wavelength shifts and intensity changes as different 

positions are substituted. 

Paper 14 sho\7B that the red shift or blue shift of absorptior 

epeotra in going from a nonpolar to a polar solvent is a reliable inde> 

of the transition type and is a qualitative measure of the change of 

dlpole, moment of the molecule in the exoited state compared to the 

ground state. 

In Paper 15 by Larrey and UcConnell, the establishment of a 

1:1 molecular complex between benzene and s,-trinitrobenzene is reported 

nith an equilibrium constant of 4.1 in n-heptuie solution. The spec- 

trum of the oomplex is established dovm to A2,100. 

Paper 16 records a study by J. S. Ham in vhich equilibrium 

oonetants are determined for molecular complexes of iodine nith ethyl 

ether and "ith J-butyl alcohol, and identifications of ultraviolet 

peaks as charge-transfer speotra of the respective complexes are made. 

Paper 17 presents tno neu empirical relations connecting 

wavelengths of the so-called charge-transfer spectra of molecular com- 

plexes nith the ionizatlon potentials of the Conor molecule and sho\7in£ 

its relative Independence of the acceptor molecule.  These data make 

untenable several theories of these spectra, and leave only two com- 

peting theories in th6 field of nhich the recent theory of Liullllcen is 

more strongly favored. 

Paper 18 elves a general—although not rigorous—analysis of 

the internal structure of n-paraneter continuous croups, deriving in 

particular for compact groups the procedure of Invariant integration, 

and establishing the orthogonality relations analogous to those for 

finite groups. In Paper 19, these natters are discussed extensively 
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for the special cr.se of t'->.e orthogonal jroups of c'lmensions 2 and 3. 

These tvjo papers constitute the preliminary form of tno chapters in a 

proposed textbook on group theory and its physical applications. 

^ 2» Shelter Island Conference 

A conferenoe on " Quantum-Lie ohanlcal liethods in Valenoe 

Theory*, supported by the ONR through our projeot, nas organized by Lir. 

Kulllken and held 7-10 September 1951 under the sponsorship of the Na- 

tional Academy of Sciences at Shelter Island, Long Island, Men York* 
• 

Lleaora. Kulllken, Roothaan, and Rudenberg of our croup took part in the 

conference, as did also Professors J. E. liayor and 0. V7. v/helond of the 

Chemistry Department of the University of Chloago. Professors J. E. 

V  Lennard-Jones and C. *• Coulson, Dr, 7. iioffltt, and ilr. K. P. Barnett 

corse fron England, and Professor Li. Kotani from Japan, Dr. L. E. Sut- 

ton of Oxford, England, and Dr. P.-O. Lovjdin of Uppsala, Srreden, r/ho 

rcere already in this country, also took part. Professor D. R. Hartree 

and Dr. H. C. Longuet-Higgins fron England and Dr. R. Daudel fron Paris 

were unable to attend. The remaining conferenoe nenbere cane fron this 

country. 

Professor R. G-. Parr of the Chenistry Department, Carnegie 

Institute of Technology, and Professor B. L. Cranford, Jr., of the 

Chemistry Department, University of Linnesota, r?ho '?ere unong those pre- 

sent, aoted as conference secretaries and have prepared a Summary of the 

conference for publication in the June, 1952, Proceedings of the Na- 

tional Academy of Scienoee. Several other conferenoe papers are being 

published in the Liarch, April, Lay, and June, 1952, issues of the Pro- 

ceedings, all the conference papers, formal and Informal, together \7i1h 

dlsoueslon comments, Summary, and some additional previously published 

papers and numerioal tables, so as to make up a unified -hole, are being 

C 
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issued soon as <xn OKA Report, of -hioh copies may ba obtained, r?hi2e 

the supply lasts, fron Ur,  L* U. LIoKenrle, Head, Physios Branoh, Offioe 

of Naval Re sear oh, Y/aahington, D. C. 

The ONR Report on the Shelter Island conference inoludes  54 

separate papers and notes, plus some discussion oonnento. Reference 

should be made to that Report for several papers and n otes "hi ch, be- 

oause of their inclusion there, ore omitted here* The following nay be 

particularly noted; the nunbers are those given to the papers in the 

OUR Shelter Island Report: 

15.  "Comments on the lieaning of Bond Orders", R. 3, l.lulliken. 

25. "The Interaction of Electron Donors and Aoceptcrs" (contain- 

ing material largely but not entirely included in Paper 8 of 

1950-1 Teohnioal Report of this Laboratory ~nd Paper 4 of 

present Report), R. 8. Uulliken. 

32* "A Comparative Sunnary of Approximate Ground State Have 

Functions of Helium Atom and Hydrogen Llolecule" (also in 

Proo. Nat. Aoad. Sol., 38, 160 (1952)), R. S. Ilulliken. 

38. "On the liethode of Numerioal Integration Used in Determining 

Self-Consistent Fields", P*-0. Londln. 

4. T?ork in Progress 

"fork r/ith the 21-foot vacuum grating spectrograph, supple- 

mented by the 84-om vacuvjn grating spectrograph, niiinly on diatonic 

spectra (NO, NS, N^"**, eto.) is continuing actively (Tanaka, assisted by 

Sdiegrin). Experimental and theoretioal -'ork on moleoular complexes and 

their spectra, and on other aspects of nolution spectra is continuing* 

Theoretical \?ork on the evaluation of the tr?o-oenter hybrid 

integrals is approaching completion (Rudenberg, Jaunzemls); pilot-plant 

calculations directed toward setting up the auxiliary funotions of the 



-* 8 - I 

tt?o-oenter exchange integrals Tor IBI; computations are actively In pro- 

gross (Rudenberg, Xinyon). Arrangements ior IHi confutations on the 

tr/o-oenter Ooulomb integrals, to be carried out at the IBU oenter at 

lora State College, are being concluded (Roothaan). Other work on 

problems of moleoular eleotronlo structure, and on the Interpretation 

of molecular eleotronlo speotra, is continuing (Uulliken, Platt, Root- 

haan, Rudenberg). 

5» Associated "fork 

Dr. Harden McConnell, National Research Council Felloe, has 

been oooperatlng actively, especially in the tork on spectra and struc- 

ture of molecular complexes :nd on numerous aspeote of solution epcotrr 

His work has been in part Jointly with ONR personnel or support, in 

part independent of ONR.  (See Papers 3, 14, 15, and 17). 

Ph.D. students and AEC Predootoral Fellows '•?• J. Potts, Jr., 

(Chemistry) and J. S. Ham (Physics) have been working respectively on 

low-temperature phosphorence, fluorssoence, ..nd .Vbsorption speotra 

(see Paper A; further papers are In course of preparation), and on 

molecular complexes and their spectra in experiment and theory (see 
l 

Papers 16,  17; lir. Han Is continuing further work Including low-tenper- 

ature and infra-red speotra of nolecular complexes). 

Ph.D.   students C,  './.   Scherr (Chemistry)  and J. E.  Faulkner 

(Physics)  are carrying on quantum-mechanical studies on simple raole- 

cules (H_,  Llg).    Mr*  Scherr,  making use of computational results ob- 

tained last fall by Dr. P.-O,  Lowdin during his tenure as an ONR Re- 
I 

search Associate, is also preparing a paper on a simplified approximate 

method of using self-consistent-field data whioh will appear in a later 

Technical Report of this Laboratory. 
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